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The excision of one lobe of the thyroid or one adrenal cortex, as will be recalled, normally causes hypertrophy of the remaining gland, but this does not occur if the hypophysis is absent.3 6 23 Ample evidence has been produced to show that in addition to a factor which causes somatic growth the pituitary supplies "tropic hormones" without which the subsidiary glands atrophy. The present report describes experiments which indicate that hypophysectomy also causes a decrease in the weight of the kidneys and prevents compensatory renal hypertrophy.
These effects of hypophysectomy on the kidney were scarcely unexpected, in view of the profound depression in many metabolic functions which sets in after ablation of this "master gland." Especially notable after this operation is the atrophy of the thyroid, together with a lowering of the metabolic rate and a marked decrease iin appetite, any one of which might be taken to indicate diminished "work" of the kidney and therefore cause for its atrophy. For controls of these most obvious factors, then, it was necessary also to study compensatory renal hypertrophy in a group of thyroidectomized animals and in a group of normals on feedings paired with those of hypophysectomized rats.
In preliminary observations we noted a striking diminution in the size of the hearts and livers of the hypophysectomized animals, and therefore the scope of the experiment was subsequently enlarged to include weighing of these organs in all the animals.
Methods
The experimental animals were mature rats of the Mendel stock, kept at a room temperature varying between 68 and 760. The rats were fed a protein-rich diet,* given ad libitum to all save two groups of animals which were: 1) the normal controls, N", that each day were fed the amount of food that was consumed the day previously by a group of their hypophysectomized mates, H" (paired feedings); and 2) the normal unoperated controls, ten in number, that were fed the average amount eaten daily by the hypophysectomized rats (starved controls).
TI he experiments were conducted according to the following plan: Certain groups of rats were subjected to an ablation of the hypophysis4 and others of the thyroid, and at intervals (usually 21 days) following the operation the right kidney was removed and weighed. After a period of observation ( 10 to 86 days) following the first nephrectomy the animals were sacrificed.
The post-mortem studies performed on all the animals consisted in a verification of the ablation of the organs previously operated upon, and a recording of the weights of the remaining organs. The weights of the right kidneys, removed at operation, served as controls for weights of the remaining kidneys examined at autopsy. A group of rats with intact glands of internal secretion supplied the control weights of the hearts and livers, as well as further control weights of kidneys.
In calculating8 the results, the standard deviation (cry) was determined by the formula Vxy'->*YMY and the standard error of the mean by the 2 formula 1. The organ weights with respect to body weight and to age V2-1' h ra egt ihrsec obd egtadt g were analyzed in this manner. For all the comparisons of one group (A± Alpha) with another group (B=LBeta) the factor t, was obtained by the use of the formula ApB For groups of 30, the t value of 2.50 or greater indicated that the probability of the differences being due to chance was less than one in 100. WVhen there were fewer than 30 experimental animals in a group, a value of t higher than 2.50 was considered necessary. for the normals, 905 ± 37; t was 5.30. Like hypophysectomy, thyroidectomy also was followed by a diminution in the weight of the right kidney; the value was 620 ± 35 (Table 1) . At autopsy the remaining kidneys (left) of the hypophysectomized rats were found to weigh approximately the same as the right kidneys removed previously, whereas a striking hypertrophy had occurred in the remaining kidneys of the thyroidectomized and of the normal rats. The values were: for the hypophysectomized, 586 + 30; for the thyroidectomized, 908 + 50; and for the normal, 1319 + 50 (Table 1) .
These striking results require a more detailed description, because other investigators (Jackson," Walter and Addis26) have recommended, on the basis of their own experiments, that organ weights be expressed in terms of the body weight, to which the organ weights normally and in chronic inanition are proportional. When the body weights of our animals were thus taken into consideration the differences in weight between the normal and the hypophysectomized animals' kidneys were still striking and significant, as illustrated in Fig. 1 and in Table 1 . On the other hand, the kidneys of the thyroidectomized rats, in terms of their body weights, were normal before unilateral nephrectomy, and the remaining kidney hypertrophied normally after this procedure ( Fig. 1 and Table 1 ).
The paired feeding experiment, in which normal unilaterally nephrectomized rats (group N") were fed the same amount of food as their hypophysectomized mates (group H"), demonstrated that with this particular diet the partially starved, unilaterally nephrectomized rats with intact pituitaries had a normal degree of hypertrophy of the remaining kidney when this was expressed in terms of body weight. Thus, the poor appetite and the low food intake of the hypophysectomized animals apparently had no direct relationship to the failure of their kidneys to hypertrophy (Fig. 1) . The result in these animals was highly significant, the factor t being 6.05 (Fig. 1) .
It will be recalled that adult rats commonly lose much weight following hypophysectomy. This weight loss occurred in both groups of rats mentioned in the foregoing paragraph. To investigate the effect of the low food intake per se, ten intact control rats (no nephrectomy) were each fed the average quantity of food consumed by the rats on the paired feeding experiment, namely, 8 and 2b). This change in heart size in these animals may have been an effect of the atrophy of their thyroid glands, because thyroidectomy also caused a decrease in the size of the heart (Figs. 2a and 2b) . These results were statistically significant, t for the former values (hypophysectomized hearts) being 3.01, and for the latter (thyroidectomized hearts) being 3.04.
The livers
The livers* of the hypophysectomized rats were smaller than normal, entirely out of proportion to the decrease in body weight.
This observation was statistically significant, t being 3.32 (Fig. 3) sion that the pituitary influences the size of the kidney; the results have no direct bearing on function, which was not investigated.
* The other organs: The actual and the relative weights of the thyroids, adrenals, gonads, and spleens were significantly less than normal following hypophysectomy. All were normal following thyroidectomy.
There are many observations, clinical as well as experimental, indicating the existence of integrations between the endocrine glands and the kidneys, the heart, and the liver. The following, to mention a few, may be cited as illustrations: 1) the atrophy of the three above-mentioned organs in Simmonds' disease;5 21, 27 2) the splanchnomegaly, including the heart, the kidneys, and the liver, which occurs in acromegaly;4'20 3) the occurrence of small hearts in cretins;7 4) the recognized r8le of hyperthyroidism as an etiological factor in cardiac disorder;14 5) the effects of total thyroidectomy upon certain types of cardiac disease;1' 5 6) the production of experimental hypertension by renal ischemia,10 and the amelioration of experimental hypertension reported to follow hypophysectomy or adrenalectomy. '7, 18 Whether the "master gland's" action on the kidney is direct or indirect through an unknown or already known hormone, or merely by virtue of metabolic products released elsewhere in the body, cannot be told. It seems safe to state that the present experiments indicate that the effect on the kidney is not due to a cessation of thyroid activity or to the lowered appetite of the hypophysectomized animals.
In this connection there are certain observations-that deserve mention, viz.: Walter and Addis26 have suggested that organ work may determine organ weight, yet, contrary to their expectations, they found the kidneys of pregnant rats smaller than normal, although these kidneys were obviously performing increased "work." Parsons et al. have noted'9 an augmented compensatory hypertrophy of the kidney of unilaterally nephrectomized pregnant and lactating rats. It seems probable that the functional reserve in the kidney of a normal animal is such as to allow for the increased work of pregnancy without the necessity for the organ to enlarge.
As was the case in the present experiments, Walter and Addis26 also noted a decrease of the weights of the hearts, livers, and kidneys after thyroidectomy. Thyroxin caused these organs to increase in weight, but dinitrophenol did not have this effect. Addis states that thereby he eliminated the possibility that changes in "metabolism" per se determine kidney size.
Although the heart appears to be small in thyroidectomized animals, this is not true in most human examples of adult myxedema, especially the long-standing cases where the heart may be very large. One cannot escape gaining the impression that the large size of the human heart in myxedema may be due to a complicating factor, possibly an avitaminosis (B1), which may have been induced by a low food intake. This perhaps deserves to be investigated clinically.
The present experiments may well be criticized in that the thyroidectomies may not have been complete, because this operation is notoriously difficult in rats, a species likely to have thyroid rests. All that can be said in favor of the thyroidectomies having been complete is that only animals showing the syndrome of surgical myxedema were used, and a random group of these rats had markedly subnormal metabolic rates.
The factor of difference in metabolism affecting the results may have been eliminated in the paired feeding experiment, for Lee and Ayres"2 calculated from their experiments that "total energy metabolism" was equal in pair-fed hypophysectomized and normal rats.
The liver regenerates following hypophysectomy just as wounds heal, hair grows, and other tissues are replaced in these animals after injuries, but the quantity of liver tissue regenerated in hypophysectomized animals is said by Franseen and co-workers' to be approximately three-fourths that of normal animals. This appears to be in keeping with the observations herein reported where, following hypophysectomy, the liver decreased to two-thirds its former size.
Franseen, Brues, and Richards' are inclined to believe that the observed diminution in size of the liver in hypophysectomized animals is in some way dependent upon their lowered food intake. However, in our experiments, as in theirs, the partially starved control rats had larger livers than did the hypophysectomized.
Summary
The compensatory hypertrophy of the kidney which normally follows unilateral nephrectomy did not take place in a group of adult albino rats whose pituitary glands had been extirpated prior to nephrectomy.
The kidneys of hypophysectomized rats weighed significantly less, when expressed simply in grams of actual weight or in grams per unit of body weight, than the kidneys of normal controls. The hearts of the hypophysectomized animals were smaller than normal.
Thyroidectomy was followed by a decrease in the size of the hearts, as was the case following hypophysectomy, yet, unlike hypophysectomy, thyroidectomy permitted a normal degree of renal hypertrophy following unilateral nephrectomy.
The amount of food consumed by the animals probably had no bearing on the results.
The liver decreased in size following hypophysectomy, but not after thyroidectomy.
